Substances such as saponin, the bile salts, the soaps, etc., which are generally classified as hemolysins, have a m u c h wider cytolytic effect than is usually recognized. The purpose of this paper is to show t h a t these hemolytic substances affect white ceils in m u c h the same w a y as they affect red ceils, the arbitrary criterion of their cytolytic effect being their ability to depress white cell respiration.
affected by successive centrifuging, even if the cells are spun as many as three times at high speeds. At the same time, our results do not confirm Fujita's in showing that changes in temperature produce a harmful effect, for suspensions of cells used directly after preparation do not show any greater respiration than do suspensions kept in the ice box for intervals up to 12 hours.
In the case of the respiration of leucocytes in whole blood, Barton and Harrop (1929) and Softer and Wintrobe (1932) , have pointed out that cell concentration has a marked influence on metabolic activity, the 02 consumption varying roughly inversely with the concentration; it is therefore necessary to find the effect of (a) cell number, and (b) the "crowding" of cells, on the 02 consumption in the suspensions prepared from peritoneal exudates. The effect of cell number is shown in Table I , in which the number of ceils per mm 3. is shown in the first column, the O~ consumption in mmL/hr, in the second, and the ratio of the number to the Os consumption in the third. In these experiments, the cells were contained in 5 cc. of saline. The figures in the last column are substantially constant, and so the 02 consumption is very nearly proportional to the number of cells within the experimental range. Cell suspensions containing more than about 125,000 cells per mm 3. are very viscous, and homogeneous samples are almost impossible to obtain because of agglutination. The effect of crowding the cells within this concentration range can be dismissed briefly, for we have found that it is immaterial whether one suspends a given number of cells in 5 cc. of fluid or in a volume twice as great. Speaking generally, the effect of cell concentration appears to be very different in the case of leucocytes in these suspensions from what it is in the case of the leucocytes of whole blood (of. Barton and Harrop (1929) , Softer and Wintrobe (1932) ).
Respirometry
The measurements of O2 consumption were made in Fenn respirometers with 35 cm. capillaries of about 0.9 ram. bore, and with cups of capacity about 25 cc. The respirometers were contained in a water bath at 37.5°C., controlled to within 0.01°C., and were rocked to and fro through an arc of 70 ° at the rate of 100 per minute.
In order to investigate the effect of lysins such as saponin, the bile salts, etc., on 02 consumption of white cells, 2 cc. of a suspension containing about 70,000 cells per mm 8. are placed in one of the cups of the respirometer, and in the other cup is placed the same volume of saline. In both side-cups is placed 1 cc. of the lysin in the concentration desired, so that on tipping the respirometer the lysin can be added to the cell suspension and the balancing volume of saline respectively. The respirometer is equilibrated in the water bath for 30 minutes, at the end of which time the 02 consumption of the suspension is measured at10 minute intervals for a second period of 30 minutes. The respirometer is then tipped so that the lysin is added to the cells, and the 02 consumption measured at 10 minute intervals for ll0 minutes; this is, in some respects, an arbitrarily selected time, but after the cells have been in the respirometer at 37°C. for more than about 3 hours their rate of 02 consumption is apt to decrease spontaneously even in the absence of lysin.
In experiments on the effect of hypotonicity on white cell respiration, the procedure was slightly modified. It is technically unsatisfactory to add volumes of water from a side-cup in order to produce various degrees of hypotonicity, and so the cells were suspended in saline of various degrees of hypotonicity before being introduced into the respirometers. After 30 minutes for equilibration, readings of the 02 consumption were made for a further 30 minutes. The O2 consumptions during this period in the case of each hypotonic system are expressed as a percentage of the O2 consumption in a system made up with isotonic saline.
The Normal 02 Consumption of the Wkite Cells
When suspensions of leucocytes are obtained in the manner described above, the irregularities in O2 consumption described by Barton and Harrop (1929) are not observed; in fact, the 02 consumption is remarkably constant from one exudate to another, and the rate of 02 consumption is very constant over a period of hours. Our Qo,'S vary between -4.5 and -7.0, with a mean value of -5.5, which is considerably lower than the value of -9.0, given by Fujita (1928) for rat leucocytes obtained from blood. Calculating Barron and Harrop's constant K, we find a mean value of 0.7, which compares very well with their value of 0.8 found for the white ceils of leukemic blood; it is doubtful, however, if a comparison can properly be made.
The Effect of Lysins on the 02 Consumption 1. Saponin.--The typical effect of saponin (and, probably, of most lysins) on white cell respiration is shown in Fig. 1 , in which 1 cc. ofcells per mm*.). The O2 consumption over any 10 minute period is expressed as a percentage of the average 02 consumption per 10 minute period found before the addition of the lysin at the point marked in the figure. Since the tipping of the respirometer itself causes a movement of the drop in the capillary, 5 minutes are allowed for equilibration, and readings are made every 10 minutes thereafter.
This typical curve shows the following characteristics. (a) The addition of the lysin is followed by an increase in 02 consumption which lasts about 20 minutes. This increase is not due to a specific effect of the lysin, for it can be obtained in control experiments in which FIC. 1. Ordinate, 02 consumption as a percentage of that occurring before the addition of the lysin, which was added at point marked A. Abscissa, time in minutes.
Ringer's solution only is added to the cell suspension; in such experiments, indeed, the increase is of much longer duration. (b) The curve then falls off roughly exponentially towards a new level, which it reaches about 100 minutes after the addition of the lysin. When large amounts of lysin are added, this new level may correspond to only some 5 per cent of the initial respiration, under which circumstances it is reached relatively quickly and is steadily maintained; when smaller quantities of lysin are added, on the other hand, the new level is reached more slowly and may correspond to quite a considerable fraction of the initial respiration, under which circumstances it is generally not steadily maintained, principally because white cell respiration tends to decrease spontaneously after about 3 hours at 37°C.
These points are well shown in Fig. 2 , in which curves are plotted for dilutions of saponin from 1 in 300 to 1 in 1250. It will be noticed that there is no temporary increase in 02 consumption corresponding to the addition of large quantities of saponin (1 in 300 and 1 in 500), any increase which occurs being masked by the almost immediate decrease which follows the addition of the lysin. A curve showing the effect of the addition of Ringer only is given for comparison. Using the same data as that from which Fig. 2 was constructed, we can tabulate the percentage of the original O2 consumption remaining 110 minutes after the addition of the saponin against the quantity of saponin added, and the result is shown in Table II . As has already been remarked, the period of 110 minutes is in some respects an arbitrarily selected time; it is, however, as long a time as we can allow, spontaneous decreases in respiration being taken into consideration. For the purpose of interpreting the results, we shall take it that after 110 minutes of action of the saponin, a new steady state has been reached.
These results are plotted in Fig. 3 , with the residual respiration as the ordinate. The curve presents several features. (a) When 0.5 rag. of lysin or less is added to the system, there is no observable effect on the O~ consumption. This quantity of saponin is very much greater than that required to hemolyze red ceils under comparable conditions; thus to produce 50 per cent diminution in the O= consumption of the white cells, we require about 0.7 rag., or 700 microgrn., of saponin, whereas to produce 50 per cent lysis of the same number of red cells only about 20 microgm, would be needed. This is not remarkable, for lysis of the red cell is an effect on a surface layer, whereas the material involved in white cell respiration is no doubt distributed throughout the cell volume. (b) It is difficult to decide whether or not a sufficiently great amount of saponin would abolish the O~. consumption entirely, and the point is not of much importance; the addition of 10 rag. of the lysin, however, results in the residual respiration being less than 1 per cent of the initial. (c) The most interesting point about the curve is that a small increase in the amount of saponin above 0.5 rag. produces a relatively very great effect; a factor of 3.0, indeed, in the amount of saponin added makes the difference between 100 per cent and 20 per cent residual respiration. A similar situation is met with in the case of the hemolysis of red cells, where an increase in the concentration of lysin by a factor of 3.0 makes the difference between just commencing hemolysis and about 80 per cent lysis. (d) In the case of the corresponding curve for the lysis of red cells, the relation between the percentage hemolysis and the amount of lysin added is a sigmoid one (Ponder, 1934a) . It is impossible to decide, however, whether the curve in Fig. 3 is sigmoid or not, since the points at the upper end of the curve are subject to very considerable experimental error, and since any sigmoid relation which might be found would almost certainly be an extremely asymmetrical one. ~ 2. The Bile Salts.--Sodium taurocholate and sodium glycocholate,
The respiration of the cells before the addition of the lysin, or the "100 per cent respiration," can be relied upon to be maintained for at least 3 hours with no greater variation than 4-5 per cent. The respiration for any 10 minute period after the addition of the lysin can be measured with about the same accuracy. Thus a point towards the upper end of the curve might be affected with a 4-10 per cent error.
in suitable concentrations, produce effects very similar to those of saponin. Table III shows the relation between the quantity of bile salt added to the systems and the amount of residual respiration.
If plotted, the figures in Table III give curves similar to that in Fig. 3 for saponin. So far as their effect on white cell respiration is concerned, the two bile salts are apparently about equally effective, and about one-eighth as effective as saponin. In the case of hemolysis of red cells, sodium taurocholate is usually a little more active than is the glycocholate, and saponin about ten times as effective as the bile salts (Ponder, 1934a) . The order of effectiveness in reducing white cell 02 consumption is accordingly much the same as that for producing hemolysis.
A further point about the action of the bile salts as compared with that of saponin ought to be remarked upon. Instead of the residual respiration falling off roughly exponentially with time after the addition of the lysin, a new level of respiration is attained very quickly after the addition of the bile salts (within 10 minutes), and tends to be steadily maintained. This suggests that the course of reaction between saponin and the white cells is different from that between the bile salts and the white cells, the former reaction being steady and continuous, while the latter is more immediate. A similar difference is met with in the case of the "absorption" of these lysins at red cell interfaces, the bile salts becoming rapidly concentrated at the surfaces, while saponin is not "initially absorbed" at all (Ponder, 1934b) . There is difficulty in investigating the point fully because of the instability of the bile salts as lysins.
3. Sodium Olea~.--This very unstable lysin is effective in reducing white cell O, consumption in a dilution of 1 in 100 or less, but we have not obfained quantitative relations.
4. Digitonin.--This hemolysin produces hemolysis only in solutions which are nearly saturated, and, white cell respiration being affected only by concentrations much greater than are necessary to cause hemolysis, it is not surprising that even a saturated solution of digitonin (about 1 in 100,000) produces no observable effect on respiration.
5. Amboceptor and Complement.--The addition of guinea pig complement to white cells sensitized with anti-rabbit amboceptor pro-duces no diminution in the 02 consumption of the system. In these experiments the cells received 50 hemolytic doses of amboceptor, and the complement-containing serum added was undiluted. abscissa, NaCI concentration, per cent.
Freezing and Thawing.--Freezing
to about 5 per cent of its initial value. This small residual respiration may be due to the presence of cell or nuclear fragments.
ttypotonic Saline.--Placing white cells in hypotonic solutions
reduces their O, consumption, and Table IV shows the 02 consumption, expressed as a percentage of that in 0.95 per cent NaC1, in systems of various tonicity. The points lie very nearly on a straight line (Fig. 4) . The curve bears no resemblance to the sigmoid relation between percentage hemolysis and tonicity, which is scarcely surprising, for white cell metabolism is not an all-or-none property like the maintenance of the integrity of the red cell membrane. The possibility that the reduction in O~ consumption in hypotonic media is due to some of the less resistant cells being cytolyzed while others are unaffected can easily be disposed of on the grounds of microscopical evidence. The white cells in a system in 0.5 per cent NaC1, in which there is about 50 per cent reduction in the O~ consumption, are all greatly swollen and obviously partially cytolyzed; granules in the cytoplasm show Brownian movement, and the nuclei are very prominent?
The Quantity of Lysin Combined with the Cells
The remainder of this investigation is concerned with relating the effect of a lysin on white cell O~ consumption with the quantity of lysin actually combined with the cells. It will be clear that the total quantity of lysin introduced into the system is not necessarily a measure of the quantity which reacts with the leucocytes, for the lysin may be concentrated at the cell surfaces, just as it often is in the case of red cell suspensions (Ponder, 1934b ). An investigation of the extent of the concentration, however, is possible with saponin only, for the other lysins referred to in this paper are too unstable to be used in quantitative work.
Methods
These are substantially the same as methods which have been described already (Ponder, 1934b) , and the principle underlying them is as follows. A known concentration of saponin is added to the white cell suspension, and the cells and lysin are allowed to react at constant temperature (37°C.) for a known time; the cells are then thrown down, the supernatant fluid removed, and the concentration of saponin in it found by adding red cells and observing the time required for their complete hemolysis. The difference between the amount of lysin introduced into 3 Mter the addition of saponin, the bile salts, and the soaps, the cells show obvious cytolytic changes. The cytoplasm shows no structure, and one gets the impression that it has disappeared, leaving a very prominent nucleus inside an apparently empty space bounded by the cell envelope. There does not seem to be any diminution in the number of the cells. Suspensions of these injured ceils show very marked agglutination, both microscopically and macroscopicaUy. the system and that found in the supernatant fluid gives the quantity which has been used up in the time allowed for the reaction, principally by "combining with" the cells.
In practice, the first step is to plot a time-dilution curve at 37°C. showing the time required for complete lysis of 0.4 cc. of a "standard" red cell suspension 4 by 1.6 cc. of various dilutions of saponin, starting with a dilution of about 1 in 1000. One dilution of saponin is then selected, and 1 cc. of it is added to each of a number of tubes containing 2 cc. of the white cell suspension. The lysin and cells are allowed to react for various times (1 minute, 5 minutes, 30 minutes, etc.), and at the end of the time the tube is spun gently so as to throw down the ceils; 1.6 cc. of the supernatant fluid is then removed, 0.4 cc. of the standard red cell suspension added, and the time for complete lysis determined. Reference to the time-dilution curve gives the quantity of saponin present in the supernatant fluid. In this way we can find out how the lysin disappears from the fluid surrounding the cells with the passage of time, and by repeating the experiment with different dilutions of saponin, we can construct curves showing the course of the disappearance for many different initial quantities of lysin.
Unfortunately this procedure is complicated by the fact that the supernatant fluid obtained from a white cell suspension contains substances (probably of a protein nature) which react with saponin, and so the amount of saponin al which disappears when the lysin is added to a white cell suspension is made up of two quantities, an amount 4~. which has combined with the cells, and an amount a8 which has combined with the inhibitory substances in the fluid surrounding the cells. The latter amount can be found by adding 1 cc. of a known dilution of saponin to 2 cc. of supernatant fluid obtained from the white cell suspension, and then finding the amount of lysin rendered inert by taking 1.6 cc. of the mixture, adding 0.4 cc. of the standard red cell suspension, finding the time for complete hemolysis, and referring to the time-dilution curve for the amount of lysin present. Subtraction from the amount originally introduced gives 43, and subtraction of 43 from 41 gives 42, the amount of lysin combined with the cells under the particular conditions if the experiment. Fig. 5 shows the course of the disappearance of saponin for three lysin dilutions reacting with the cells of a suspension containing 68,000 white cells per ram.: The range of lysin dilutions over which such curves can be obtained with any pretense to accuracy is unfortunately very. small, for if the initial amount of lysin is too great there may be so much left after absorption that it is impossible to determine it accurately because the added red cells hemolyze so rapidly, while if the amount is too small so much may be absorbed that the remainder is insufficient to hemolyze the added red cells at all.
RESULTS
The curves show a striking resemblance to those shown in Fig. 1 of a previous paper (Ponder, 1935) dealing with the disappearance of saponin during stromatolysis and the absorption of the lysin at the surfaces of ghosts. The disappearance of lysin is rapid at first, .and tends to reach a final value asymptotically, the particular amount which finally disappears being a function of the amount initially present; the time, moreover, which it takes for the final value to be reached increases as the initial concentration increases. An important point is that the disappearance apparently ceases while there is yet a large amount of saponin free in the system, and this, together with all the other properties of the reaction, indicates that the combination of saponin with white cells is essentially similar to its combination with red cell stromata, and of the nature of a "pseudo-adsorption" or "anomalous" adsorption (see Ponder, 1935) .
It will be observed that, in the case of these quantities of saponin at least, the disappearance of lysin is virtually complete after 30 minutes at 37°C. At the end of the'same time, there is also a considerable reduction in the 02 consumption of the systems, and so, as a final step, we can relate the O, consumption of the cells to the quantity of saponin combined with them. This is done by carrying out, on the same white cell suspension, an experiment divided into two parts: the first part consists in finding the effect of the lysin on the 02 consumption 30 minutes after its addition, and the second consists in finding the quantity of lysin absorbed after 30 minutes under the same conditions as regards temperature, concentration, etc. Table  V shows the results of such an experiment.
The figures in the columns for A3 show that the quantity of saponin rendered inert by the substances in the fluid surrounding the cells does not depend on the initial lysin concentration (the value in brackets could not be found experimentally), and these values, when subtracted from A1, the total amount of saponin which has disappeared, give A2, the quantity of saponin combined with the cells. This value, in milligrams, can then be plotted against the residual respiration R to give Fig. 6 . Although there are so few points, there is no doubt as to the general shape of the curve, which is so close to that of the rectangular hyperbola R.A, = constant
(1)
that it would be almost impossible to discover a difference experimentally. Without unduly stressing the point, it may be remarked that such a relation would be expected if the sxponin were adsorbed at surfaces which were the seat of oxidative processes.
SUMMJkRY
Substances such as saponin, the bile salts, etc., which produce lysis of red cells also produce cytolysis of white cells from rabbit peritoneal exudates, the arbitrary criterion of their cytolytic effect being their ability to depress the 02 consumption of the leucocytes. The amount of cytolysis increases regularly as the amount of the added lysln is increased, and sufficiently large quantities of saponin, sodium taurocholate, sodium glycocholate, or sodium oleate are capable of virtually abolishing the O~ consumption altogether. At the same time, it can be shown that a lysin such as saponin is used up in combining with the white cells in much the saine way as it is used up in combining with red cells, and the reduction in oxygen consumption appears to be roughly proportional to the amount so combined. The action of these lyric substances on white cells, in fact, is very similar to their action on red cells, due allowance being made for the fact that the cytolysis of the white cell is probably not an all-or-none process like hemolysis.
White cell respiration is also depressed in hypotonic solutions, the respiration being virtually linear with the tonicity.
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